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(54) Antlreversion agent for inserts used in runf lat tires 

(57) Runf lat tires are generally made by including a 
stiff Insert In the sidewall thereof. This insert should be 
as stiff as possible to help support the weight of the 
vehicle to which the tire is mounted in situations where 
there is a loss of air pressure. During periods of opera- 
tion after loss of air pressure the stiff insert carries most 
of the load on the tire which leads to the generation of 
heat. Heat build-up can then lead to thern^l degrada- 
tion in the insert A reduction in crosslink density and a 
change in the distribution of crosslink types is the result 
of this thermal degradation. This invention is based 
upon the discovery that thermal degradation in the 
inserts of runf lat tires can be inhibited by including a bis- 
citraconimido compound therein as an antlreversion 
agent. This invention more specifically discloses a 
pneumatic tire having at least one insert to provide the 
tire with runflat capability wherein the insert is com- 
prised of a rubbery polymer and 1 ,3-bis(citraconimid- 
omethyl) benzene. This invention further discloses a 
runflat tire which is comprised of a generally toroidal- 
shaped carcass with an outer circumferential tread, two 
spaced beads, at least one ply extending from bead to 
bead and sidewalls extending radially from and con- 
necting said tread to said beads; wherein said tread is 
adapted to be ground contacting, wherein said side- 
walls contain at least one insert radially inward from 
said ply and wherein the insert is comprised of a rub- 
bery polymer and 1,3-bis(citraconimidomethyl) ben- 
zene. 
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' Description 

Technical Reld 

[0001] This invention relates to a runflat tire that is capable of being used after total loss of air pressure, other than 
ambient atmospheric pressure. In other words, the tire can be used in an uninf lated condition, such as after being punc- 
tured. 

Background of the Invention 

[0002] Various tire constructions have been suggested for pneumatic runflat tires; that is, tires capable of being used 
while uninflated (with total loss of air pressure other than ambient atmospheric pressure). A vehicle equipped with such 
tires can continue to be driven after the tire ejeperiences loss of pneumatic pressure, such as loss of air pressure caused 
by puncture or valve failure. This is highly desirable since it allows vehicles equipped with such runflat tires to continue 
in operation until tiiey reach a location where the tire can be repaired or replaced. Tires of this type are sometimes also 
referred to as extended nrrobility tires (EMT). 

[0003] One approach to manufacturing a pneumatic runflat tire is described in United States Patent 4,1 11 .249 which 
Is entitled "Banded Tire." This approach involves providing a hoop or annular band directly under and approximately as 
wide as the tread. The hoop in combination witii the rest of the tire structure is reported to be capable of supporting the 
weight of the vehicle while the tire Is In an uninflated condition. This banded tire actually terrcions the ply cords even 
while it is in an uninflated state. 

[O0O4] Another approach described in European Patent Publication No. 0-475-258A1 is to simply strengtiien the tire 
sidewalls by increasing tiie cross-sectional tiiickness tiiereof. When such tires are operated in the uninflated condition, 
it places the sidewalls of the tire in compression. Heat buildup can lead to tire failure in such tires due to the large 
amounts of mbber required to stiffen the sidewall in cases where this approach is taken. This is especially true when 
the tire is operated for prolonged periods at high speeds in the uninflated condition. 

[0005] United States Patent 5,368.082 discloses the first commercially accepted runflat pneumatic radial ply tire, tiie 
Eagle® GSC-EMT tire introduced by The Goodyear Tire & Rubber Company. This tire was accepted as an equipment 
option for the 1994 Chevrolet Corvette automobile. United States Patent 5.368.082 teaches tiie employment of special 
sidewall inserts to improve stiffness. Approximately six additional pounds (6.7 kg) of weight per tire was required to sup- 
port an 800-lb (363 kg) load on tiiis uninflated tire. These runflat tires had a very low aspect ratio. This earlier invention, 
although superior to prior attempts, still imposed a weight penalty per tire tiiat could be offset by the elimination of a 
spare tire and the tire jack. This weight penalty was even more problematic when engineers attempted to build higher 
aspect ratio tires for large luxury touring sedans. The required supported weight for an uninflated luxury car tire approx- 
imates 1400 pounds (610 kg) of load. These taller sidewalled tires having aspect ratios in tiie 55 percent to 65 percent 
range or greater means that the working loads were several times that of the earlier 40 percent aspect ratio runflat tires 
developed for tiie Corvette automobile. Such loads meant that the sidewalls and overall tire had to be stiffened to tiie 
point of compromising ride. Luxury vehicle owners simply will not sacrifice ride quality for runflat capability. 
[0006] The goal of engineering has been to develop a runflat tire without compromising ride or performance. In sports 
cars having relatively stiff suspension characteristics, tiie ability to provide such a runflat tire was comparatively easy 
as compared to providing such tires for luxury sedans that demand softer ride characteristics. Light truck and sport util- 
ity vehicles, although not as sensitive to ride performance, typically utilize tires having a relatively high aspect ratio 
which makes the requirements for the runflat tire more challenging. 

[0007] An equally Important design consideration in tiie development of a runflat tire is insuring tiiat the uninflated tire 
remains seated on the rim. Solutions have been developed employing bead restraining devices as well as special rims 
to accomf^sh this requirement. Alternatively, the Eagle GSC-EMT tire employed a new bead configuration enabling tiie 
tire to function on standard rims witiiout requiring additional bead restraining devices. 

[0008] United States Patent 5.427.166 and United States Patent 5,51 1 .599 disclose tires wherein a tfiird ply and a 
third insert in tiie sidewall are used to further increase runflat performance over a basic design disclosed in United 
States Patent 5,368,082. These patents disclose the concept of including additional plies and inserts in a tire sidewall 
to attain improved runflat performance characteristics. 

[0009] United States Patent 5,685,927 discloses a runflat tire which provides a higher aspect ratio witii tiie employ- 
ment of load-supporting bead cores placed directiy under the tread belt package of the tire. Runflat tires made utilizing 
this approach are very promising in load support and ride quality. However, tiiis approach leads to higher rolling resist- 
ance which decreases fuel economy even during periods when the tire is used under normal conditions at standard 
inflation pressure. 

[001 0] United States Patent 5,535.800 discloses ttie use of elastomeric-covered composite ribs tiiat in combination 
with a racfial ply can provide excellent runflat capability in a wide range of tire applications. 
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[001 1 ] In the case of runf lat tires made utilizing stiff inserts, the insert carries most of the load on the tire during peri- 
ods of operation after loss of air pressure. This leads to the generation of heat. Heat build-up can then lead to thermal 
degradation in the insert A reduction in crosslink density and a change in the distribution of crosslink types is the result 
of this tiiermal degradation. Thermal degradation can accordingly lead to failure of the insert. This failure limits the 

5 range over which the runflat tire can be used during periods of operation after air loss. 

[0012] United States Patent 5,623,007 discloses that the reversion resistance of sulfur-cured carcass rubber com- 
pounds in aircraft tires can be greatly improved by incorporating, as antireversion agents. 1 .5-6 phr of a mixture of zinc 
salts of one or nrrare aliphatic carboxylic adds and one or more monocyclic aromatic acids and 0.8-2 phr of a bis-citra- 
conimido compound. Much greater reversion resistance is reported to be obtained with a combination of the two anti- 

10 reversion agents than with eitiier antireversion agent alone. 

Summary of the Invention 

[001 3] This invention is based upon the discovery tiiat thermal degradation in the inserts of runflat tires can be Inhib- 
15 ited by including a bis-citraconimido conpound, such as 1 .3-bis(citraconimidometiiyl) benzene, therein as an antirever- 
sion agent This allows for the runflat tire to have an extended service life while being operated in the uninf lated state. 
[0014] The insert will generally extend radially inward from under the outer circumferential tread toward the bead to 
which the sidewall exterxis. It is normally prefenred for the insert to be comprised of a cured pdydiene rubber and, of 
course, the bis-citraconimido compourtd as an antireversion agent The cured pdydiene rubber can, of course, be a 
20 blend of two or more rubbery polymers. For instance, the cured polydiene rubber can be a blend of natural rubber arxJ 
high ds-1,4-polybutadiene rubber. 

[0015] This invention more specifically discloses a runflat tire which is comprised of a generally toroidal-shaped car- 
cass with an outer circumferential tread, two spaced beads, at least one ply extending from bead to bead and sidewalls 
extending radially from and connecting said tread to said beads; wherein said tread is adapted to be ground-contacting, 
25 wherein said sidewalls contain at least one insert radially inward from said ply and wherein the insert is comprised of a 
cured polydiene rubber, (2) a filler and (3) the bis-citraconimido compound. 

[001 6] The subject invention further discloses a pneumatic radial ply runflat tire having a tread, two inextensible annu- 
lar beads, a carcass comprising a radial ply structure having at least one radial ply a belt structure located between the 
tread and the radial ply structure and two sidewalls reinforced by one or more inserts, wherein the inserts are comprised 

30 of (1) a cured polydiene rubber, (2) a filler and (3) a bis-citraconimido conrtpound; and wherein tiie tire is characterized 
by: (a) a tread having laterally disposed tread ribs; (b) a sidewall rib disposed near the radially outermost region of each 
sidewall adapted for contact witii a driving surface during runflat operation and free from contact witii tiie driving surface 
during operation at normal inflation pressure; (c) first decoupling grooves circumferentiatly disposed between the side- 
wall rib and the adjacent tread rib; and (d) second decoupling grooves circumferentially disposed between the tread ribs 

35 and the adjacent central region of the tread. 

[0017] The present invention also reveals a pneumatic runflat tire comprised of a toroidatly-shaped carcass and an 
outer, circumferential tread designed to be ground contacting, wherein said carcass is conriprised of two spaced-apart 
inextensible bead portions, two spaced-apart sidewalls each individually extending radially inward from and connecting 
said tread to said bead portions and at least one cord reinforced ply extending from bead to bead and tinrough the side- 

40 walls; wherein a substantially crescent-shaped rubber insert is juxtapositioned to and axially inward of at least one of 
said carcass plies in each of said sidewalls of the tire; and wherein the rubber composition of said insert is comprised 
of (1) a cured polydiene rubber, (2) a filler and (3) a bis-citraconimido compound. 

Brief Description of the Drawings 

45 

[0018] 

Figure 1 is a fragmentary cross-sectional view of a tire showing its tread and carcass witii one ply and one insert 
axially inward of tiie ply in the sidewall region of the tire as an embodiment of the invention. 
50 Figure 2 is a fragmentary cross-sectional view of a tire showing its tread and carcass witii two plies, a second insert 
interposed between the plies and a second ply axially outward of the innermost ply in the sidewall region of the tire 
as an embodiment of tiie invention. 

Figure 3 is a fragmentary cross-sectional view of a tire showing its tread and carcass with tiiree plies, inserts 
between the plies and another insert axially inward of the innermost ply in the sidewall region of the tire as an 
55 embodiment of the invention. 
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' Definitions 
• 

[0019] "Axiar and "axially," where used, means directions that are parallel to the axis of rotation of the tire. 
[0020] 'Bead portion" means generally that part of the tire conrtprising an annular inextensible tensile member such 
5 as a muMplicrty of annular wires surrounded by an elastomer composrtion(s) and is associated with holding the tire to 
the rim being wrapped by ply cords and shaped, with or without other reinforcement elements such as flippers, chip- 
pers, apexes or fillers, toe guards and chaffers. The bead core usually refers to the wire beads of the bead portion but 
sometimes may refer to the bead portion itself. 

[0021 ] "Belt Structure" or "Reinforcing Belts," where used, means at least two annular layers or plies of parallel cords. 
10 woven or unwoven, underlying the tread, unanchored to the bead and having both left and right cord angles in the range 
from 17* to 27* with respect to the equatorial plane of the tire. 

[0022] "Circunrtferentiar may be used in the description to relate to a direction extending along (around) the outer 
perimeter of the surface of the tire carcass such as, for example, the circumferential tread on the carcass. 
[0023] "Carcass" means the tire structure apart from the tread but including supporting plies, sidewalls and the beads 
75 or bead portions. 

[0024] "Chafers." where used herein, refers to narrow strips of material placed around the outside of the bead to pro- 
tect cord plies from the rim and distribute flexing at>ove the rim. 

[0025] "Cord" means one of the reinforcement strands of which the plies in the tire are comprised. 
[0026] "Innerliner." where used herein, means the layer or layers of elastomer or other material tiiat form the inside 
20 surface of a tubeless tire and that contain the inflating fluid within the tire. 
[0027] "Ply" means a layer of rubber-coated parallel cords. 

[0028] "Radial" and "radially" mean directions radially toward or away from the axis of rotation of tiie tire. 
[0029] "Radial Ply Tire." if used herein, means a belted or circumferentially-restricted pneumatic tire in which at least 
one ply has cords which extend from bead to bead are laid at cord angles between GS** and 90"* with respect to tiie equa- 
25 torial plane of the tire. 

[0030] "Shoulder," if used herein, means tiie upper portion of sidewall just below the tread edge. 
[0031 1 "Sidewall" means tiiat portion of a tire between the tread and the bead. 

Detailed Description of the Invention 

30 

[0032] The tire inserts of tiiis invention are comprised of at least one cured rubbery polymer and a bis-citraconimido 
compound as an antireversion agent. The tire insert will also generally contain at least one filler, such as carbon black 
or silica. The bis-citraconimido compound will typically be present in an amount which is within the range of about 0.1 
phr to about 10 phr. It is nornnally preferred for tiie bis-citraconimido compound to be present in an amount which is 
35 within the range of about 0.5 phr to about 5 phr. The bis-citraconimido compound will most preferably be present in an 
amount which is within the range of about 1 phr to about 3 phr. 

[0033] The rubbery polymer will typically be one or more polydiene rubbers, such as natural rubber, polybutadiene 
rubber, polyisoprene rubber, isoprene-butadiene rubk^er, styrene-butadiene rubber, styrene-isoprene-butadiene rubber 
or styrene-isoprene rubber. In some cases, it is preferred to use a blend of natural rubber and high ds-l ,4-polylxjtadi- 
40 ene rubber. Such blends will typically contain 60 phr to 90 phr of natural rubber and 10 phr to 40 phr of high cis-1.4- 
polytxjtadiene. Blends of this type will preferably contain 75 phr to 85 phr of natural rubber and 15 phr to 25 phr of high 
cis- 1 ,4-polyt)utadiene rubber. 

[0034] The bis-citraconimido conrpounds that can be used are typically of tiie structural formula: A-T-(R)n, wherein n 
is an integer from 1 to 3, wherein T represents a divalent, trivalent or tetravalent group containing at least one carbon 
45 atom arKl wherein A and R can be the same or different and have a structural formula selected from the group consist- 
ing of 




wherein Z\ and can be the same or different and are selected from the group consisting of hydrogen atoms, alkyi 
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groups containing from 1 to about 18 carbon atoms, cycloalkyi groups containing from 3 to about 1 8 carbon atoms, aryl 
groups containing from 6 to about 1 8 cartx)n atoms and alkaryl groups containing from 7 to about 30 carbon atoms; and 
wherein and can be the same or different and are selected from the group consisting of oxygen atoms and sulfur 
atoms. It should be noted that, when is a hydrogen atom. and Z^ can conribine to form a ring. 
5 [0035] In the bis-cltraconimido compourxls of the structural formula A-T-(R)n, it is prefen'ed for n to be 2 with T repre- 
senting a bivalent hydrocarbon group containing only carbon and hydrogen atoms, such as an alkylene group, an 
arylene group or an aralkylene group. It is typically preferred for T to contain from about 4 to about 12 cartx)n atoms 
with 1 .3-phenylene groups being highly preferred. It is also preferred for A and R to be the same and for A and R to be 
of the structural formula: 

10 

II i 

C C C H 



IS 




wherein and represent oxygen atoms. Z\ and will typically represent hydrogen atoms or alkyi groups con- 
taining from 1 to about 4 cartx>n atoms. It is highly preferred for Z1, Z2 and Z3 to represent hydrogen atoms or methyl 
groups. 

[0036] In the practice of this invention, it is highly preferred to utilize 1 ,3-bis(citraconimidomethyl) benzene as the bis- 
25 citraconlmido compourKl. It is sold by Rexsys under the tradename Perkalink'" 900, has a melting point of 87°C and 
has the structural formula: 
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40 [0037] In a preferred entbodiment of this invention, the insert is comprised of (1) a cured polydiene rubber that is cou- 
pled with tin, lead, germanium or silica, (2) a filler, (3) a fatty acid and (4) a bis-citraconimido compound. Such tire insert 
compositions will normally contain from about 20 phr (parts by weight per 100 parts of rubber) to about 130 phr of the 
filler, from 0.1 phr to about 5 phr of the fatty acid and from 0.1 phr to 10 phr of the bis-dfraconimido compound. It is 
typically preferred for such tire insert compound to contain from about 30 phr to about 1 10 phr of the filler, from about 

45 0.4 phr to about 3 phr of the fatty acid and from 0.5 to 4 phr of the bis-citraconimido compound. It is generally more pre- 
ferred for the tire insert to contain from 70 phr to 90 phr of the filler, from 0.5 phr to 1 .5 phr of the fatty acid and from 1 
to 3 phr of the bis-dfraconimido compound. 

[0038] The filler will normally be cartxjn blacK silica or a combination of carbon black and silica. The fatty acid can be 
virtually any fatty acid that is soluble in the coupled rubber. In most cases, for economic reasons, it is prefenred to use 

50 a mixture of fatty adds. A preferred mixture of fatty adds contains 40 percent to 50 percent oleic acid. 30 percent to 40 
percent linoleic add. 2 percent to 6 percent stearic acid. 2 percent to 6 percent rosin adds and 1 0 percent to 20 percent 
of other fatty acids. Such fatty acids are normally of the formula RCOOH wherein R represents an alkyl group or an 
unsaturated hydrocartx)n containing from about 1 6 to about 20 cart)on atoms. In addition to the coupled polydiene rub- 
ber, the insert can be further comprised of natural rubber. In some cases, it is advantageous to utilize a blend that con- 

55 tains from about 10 phr to about 70 phr of natural rubber, based upon the total amount of rubber in the blend. 

[0039] The coupled polydiene rubber can be made by anionic polymerization wherein the polymerization is termi- 
nated by the addition of a Group Via metal coupling agent, such as a tin tefrahalide. The anionic polymerization is initi- 
ated with a Group I or 11 metal, such as lithium, and is carried out for a length of time suffident to permit substantially 
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complete polymerization of monomers. In other words, the polymerization is normally carried out until high conversions 
are attained. Then, the coupling agent is added to couple the living rubbery polymer which, of course, terminates the 
polymerization. 

[0040] The coupling agent will typically be Group IVa metal halide, such as a tin halide, a lead halide. a germanium 
halide or a silicon halide. The halogen In the coupling agent will typically be fluorine, chlorine, bromine or iodine. In most 
cases, the halogen will be selected from the group consisting of fluorine, chlorine and bromine with chlorine being pre- 
ferred. Tin coupling agents, such as tin tetrachloride, tin tetrabromide, tin tetrachloride and tin tetraiodtde are normally 
preferred. The coupling agent will normally be a tetrahalide. However, trihalides or dihalides can also be used. In cases 
where tin dihalides are utilized, a linear polymer rather than a branched polymer results. To induce a higher level of 
branching, tin tetrahalides are normally preferred. 

[0041 ] Broadly, and exemplarily. a range of about 0.01 to 4.5 milliequivalents of the coupling agent is employed per 
ICQ grams of the rubbery monomer. It is normally preferred to utilize about 0.01 to atwut 1 .5 milliequivalents of the cou- 
pling agent per 100 grams of monomer to obtain the desired Mooney viscosity. The larger quantities tend to result in 
production of polymers containing terminally reactive groups or insufficient coupling. One equivalent of tin coupling 
agent per equivalent of lithium is considered an optimum amount for maximum branching. For instance, if a tin tetrahal- 
ide is used as the coupling agent, one mole of the tin tetrahalide would be utilized per four moles of live lithium ends. In 
cases where a tin trihalide is used as the coupling agent, one nrrole of the tin trihalide will optimally be utilized for every 
three moles of live lithium ends. The tin coupling agent can be added to a polymer cement containing the living rubbery 
polymer in a hydrocarbon solution. e.g.. in cyclohexane. with suitable mixing for distribution and reaction. 
[0042] The coupled rubbery polymer that can optionally be utilized in the tire insert compositions of this invention can 
be symmetrically or asymmetrically coupled. A technique for preparing asymmetrically tin-coupled rubbery polymers is 
disclosed in United States Patent Application Serial No. 09/008,716, filed on January 19. 1998 (GB 9803145.3) the 
teachings of which are incorporated herein by reference in their entirety. In this process, asymmetrical tin-coupled rub- 
bery polymer having improved stability are made by a process that comprises: (1) continuously polymerizing in a first 
reactor at least one diene monomer to a conversion of at least about 90 percent, utilizing an anionic initiator to produce 
a polymer cement containing living polydiene rubber chains: (2) continuously feeding the polymer cement produced in 
the first reactor into a second reactor; (3) adding a tin halide to the polymer cement in a second reactor under conditions 
of agitation to produce a polymer cement having the tin halide homogeneously dispersed therein, wherein the resi- 
dence time in the second reactor is within the range of about 15 minutes to about 4 hours; (4) continuously feeding the 
polymer cement having the tin halide homogeneously dispersed therein into a plug flow reactor having a residence time 
of about 15 minutes to about 1 hour to produce a polymer cement of the asymmetrically tin-coupled rubbery polymer; 
and (5) continuously withdrawing the polymer cement of the asymmetrically tin-coupled rubbery polymer from the plug 
flow reactor. 

[0043] Some representative examples of rubbery polymers which can be asymmetrically tin-coupled include polyb- 
utadiene, polyisoprene. styrene-butadiene rubber (SBR). a-methylstyrene-butadiene rubber, a-methylstyrene-isoprene 
rubber, styrene-isoprene-butadiene rubber (SIBR). styrene-isoprene rubber (SIR), isoprene-butadiene rubber (IBR), a- 
methylstyrene-isoprene-butadiene rubber and a-methylstyrene-styrene-isoprene-butadiene rubber. 
[0044] Tires containing the inserts of this invention can be comprised of a toroidally-shaped carcass and an outer, 
circumferential tread designed to be ground-contacting, wherein said carcass is comprised of two spaced-apart inex- 
tensible bead portions, two spaced-apart sidewalls each individually extending radially inward from and connecting said 
tread to said bead potions and at least one cord reinforced ply extending from bead to bead and through the sidewalls; 
an improvement in which a substantially crescent-shaped rubber insert is juxtapositioned to and axially inward of at 
least one of said carcass plies in each of said sidewalls of the tire. 

[0045] It is to be appreciated that the insert is sulfur co-cured with the tire assembly of said tread and carcass as a 
whole. Preferably, tiie insert(s) have a maximum tiiickness at a location about midway between tiie bead portions and 
the tread in the sidewall region of the tire. 

[0046] In tiie practice of tiiis invention, a significant function of the rubber composition-based fillers in the sidewall por- 
tion of the tire is to stiffen/support the sidewall structure when the tire is operated without inflation pressure. 
[0047] The rubber conrposition-based inserts are elastomeric in nature having a substantially crescent cross-sec- 
tional shape and material properties selected to enhance inflated ride performance while promoting the tire's run-flat 
durability. The inserts, if desired, may also be individually reinforced with cords or short fibers. Thus, one or more of 
such inserts my be so-reinforced. 

[0048] The shape of the fillers is described as being substantially crescent in shape. This is intended to also include 
an entrunkated crescent shape, particularly where the entrunkated portion of the crescent-shaped filler is juxtaposi- 
tioned to the tire's bead portion. 

[0049] In further practice of the invention, said tire carcass may have from one to three plies comprised of a first axially 
inner ply and optionally one or two additional plies as a second ply and tinird ply, respectively; each additional ply posi- 
tioned sequentially axially outward from said first ply in the sidewall region of tiie tire. 
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[0050] Accordingly; in accordance with this invention, said tire contains one ply in its carcass wherein said insert is 
juxtapositioned to and axially inward o1 said ply in the sidewall region of the tire. 

[0051 ] In further accordance with this invention, said tire contains, in its carcass, an axially inner first ply and a second 
ply axially outward from the first ply; wherein said insert is juxtapositioned to and axially inward of said first ply, in the 
5 sidewall region of the tire. 

[0052] In additional accordance with this invention, said tire contains, in its carcass, an axially inner first ply and an 
axially outer second ply; wherein said insert is juxtapositioned to and interposed between said first and second ply. in 
the sidewall region of the tire. 

[0053] In further accordance with this invention, said tire contains, in its carcass, an axially inner first ply and an axially 
10 outer second ply; wherein one of said inserts is juxtapositioned to and interposed between said first and second ply. in 
the sidewall region of the tire, and another of said inserts is juxtapositioned to and axially inward of said first ply. in the 
sidewall region of the tire. 

[0054] In further accordance with this invention, said tire contains, in its carcass, an axially inner first ply. a second ply 
axially outward from said first ply and a third ply axially outward from said second ply; wherein said insert is juxtaposi- 
75 tioned to and axially inward of said first ply. in the sidewall region of the tire. 

[0055] In additional accordance whh this invention, said tire contains, in its carcass, an axially inner first ply, a second 
ply axially outward from said first ply and a third ply axially outward from said second ply; wherein said insert is juxta- 
positioned to and interposed between (a) said first and second plies and/or (b) said second and third plies, in the side- 
wall region of the tire. 

20 [0056] In further accordance with this invention, said tire contains, in its carcass, an axially inner first ply. a second ply 
axially outward from sard first ply and a third ply axially outward from said second ply; wherein said insert is juxtaposi- 
tioned to and interposed between (a) said first and second plies and/or (b) said second and third plies, in the sidewall 
region of the tire and, also, an insert juxtapositioned to and axially inward of the innermost of said plies. 
[0057] In one embodiment, the innermost ply, or plies, has synthetic or textile cord reinforcement of polyester, nylon, 

25 rayon or aramid. preferably nylon; while the outermost ply preferably has aramid, cartxtn fiber, fiberglass or metal cord 
reinforcement, preferably brass and/or zinc-coated steel cords. 

[0058] Thus, in a preferred embodiment, the first ply has reinforcing cords of nylon, an aramid fiber, and the second 
and additional plies are steel cords. 

[0059] The term "ply" is contenrplated to include cord reinforced inserts which do not extend entirely from one bead 
30 core to the opposite bead core. It is, however, contemplated that at least one ply must extend from bead core to the 
opposite bead core, preferably a radial ply A second ply can extend from a bead core to just laterally under one or more 
of tiie reinfbrdng belts of the belt structure. 

[0060] In one aspect, the outermost ply preferably has cords of a higher modulus (i.e., steel cords) and tiie innermost 
ply. or plies, have cords of a lower modulus (i.e.. nylon or rayon). 
35 [0061] At least one ply. preferably the innermost ply. extended from bead core to bead cord and wraps around the 
bead core. Alternatively, where two or nnore plies are used, at least one of the additional plies, while extending from 
bead core to bead core, does not actually wrap arourxJ the bead core. 

[0062] Referring to the drawings, FIGS 1 . 2 and 3 show the fragmentary cross-section of a tire 1 , its tread 2. bead 
portion 3, sidewall or sidewall region 4. inextensible wire bead core 5. rubber chafer 6, rubber toeguard 7. rubber com- 
40 position innerliner 8, belt structure 9 underlying a portion of tiie tread 2, carcass ply 1 0, carcass ply turnup 1 1 . insert 1 2 
and apex 13. 

[0063] The cords for use in the carcass plies may comprise from one (monofilament) to multiple twisted filaments. The 
number off total filaments in the cord may range from 1 to 13. The cords, particularly metallic cords, of the carcass ply 
are generally oriented such that the tire according to tiie present invention is what is commonly referred to as a radial. 
45 [0064] The steel cord of the carcass ply intersect tiie equatorial plane (EP) of tiie tire at an angle in the range of from 
75° to 105°. Preferably, tiie steel cords intersect at an angle of from 82° to 98°. A more preferred range is from 89° to 
91°. 

[0065] The first and second reinfordng ply structure each may comprise a single ply layer; however, any number of 
carcass plies may be used. As further illustrated in the Figures, the first ply structure has a pair of turnup ends respec- 

50 tively which wrap about each bead core 5 of tiie bead portion 3 of tiie carcass. The ends 1 1 of the second ply 1 0 are in 
proximity to the bead core 5 and terminate radially adjacent on either side of \he bead core 5. above the bead core 5 or 
can be wrapped around tiie bead core 5 and terminates radially below tiie turnup end 1 1 of tiie first ply 10 as shown. 
The turnup ends 1 1 of the first ply 1 0 wrap about tiie second ply ends and tiie bead core 5. The turnup ends of the first 
ply 1 1 terminates radially a distance above the nominal rim diameter of tiie tire 1 in proximity to tiie radial location of the 

55 maximum section widtii of tiie tire. In a prefen-ed embodiment, the turnup ends are located witiiin 20 percent of tiie sec- 
tion height of tiie tire from the radial location of the maximum section widtii, most preferably terminating at the radial 
location of the maximum section width. 

[0066] The bead core 5 is preferably constructed of a single or monofilament steel wire continuously wrapped. 
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• Located within the bead region 3 and the radially inner portions of the sidewall portions 4 are high modulus elastomeric 
apex inserts disposed between carcass reinforcing structure 1 1 and the turnup erxjs 11 » respectively. The elastomeric 
apex inserts 13 exterxJ from the radially outer portion of bead portions respectively, up into the sidewall portion gradu- 
ally deaeasing in cross-sectional width. The elastomeric apex inserts 13 terminate at a radially outer end. 

5 [0067] The inserts 1 2 may extend from each bead region radially to the edge of the tread, usually to just beneath the 
reinforcing belt structures 9. As illustrated in the Figures, the sidewall portions may each include a first insert 12 and a 
second insert 12 arxi even a third insert 1 2. The first inserts 1 2 are positioned as described above. The second inserts 
12 are located (interposed) between the first and the second plies 10. respectively. The second insert 12 extends from 
each bead region 3. or portion, radially outward to the edge of tiie tread 2. namely, to just beneath the reinforcing belt 

10 structure 9. 

[0068] In one embodimerrt. the first inserts 10 each have a thickness at its maximum thickness of at least three per- 
cent of the maximum section height "SH" at a location approximately radially aligned to the maximum section width of 
the tire. 

[0069] The second insert and third insert, if used, has a thickness at its maximum thickness of at least one and one- 
rs half percent (1 .5%) of the ntaximum section height of the tire at tiie location radially above the maximum section width 
of the tira In a preferred enrdx)diment. the elastomeric second inserts, and third insert, if used, each have a thickness 
of approximately one and one-half percent (1 .5%) of the maximum section height SH of the tire at a radial location of 
atx>ut 75 percent of the section height SH. For example, in a P275/40ZR1 7-size high performance tire, this thickness of 
the second insert of the tire equals 0.08 inches (2 mm). At the location approximately radially aligned with the location 
20 of the maximum section width of the tire, the thickness of the second insert is 0.05 inches (1 .3 mm). 

[0070] The overall cross-sectional thickness of tiie combination of elastomeric inserts preceding from the bead por- 
tions to \he radial kx^tion of the maximum section width (SW) is preferably of constant thickness. The overall sidewall 
and carcass tiiickness is at least 0.45 inches (1 1.5 mm) at the maximum section wklth location and increases to an 
overall thickness in the region where it merges into the shoulder near the lateral tread edges. Preferably, the overall 
25 thickness of the sidewall in the shoulder region of tiie tire is at least one hundred percent (1 00%) of the overall sidewall 
thickness at tiie maximum section widtii (S W). This ratio means that the skjewall can be made substantially tiiinner than 
the predecessor-type runflat tires. 

[0071 ] As previously discussed, the tire of the present invention has at least one ply having a turnup end 1 1 (wrapped 
around the bead core 5) while another ply can simply be terminated adjacent to the bead core 5 without actually wrap- 

30 ping around the bead core 5. 

[0072] Thef irst insert 12 is preferably made of elastomeric material. The first insert 12 is designed to prevent the tire's 
sidewall from collapsing when operating under no inflation pressure. The insert 12 can be of a wide range of shore A 
hardnesses from a relative soft shore A of at^out 50 to very hard 85, the material shape and cross-sectional profile is 
modified accordingly to insure the ride performance and sidewall spring rate Is acceptable. The cross-sectional area of 

35 the insert can be reduced without compromising performance characteristics by utilizing stiffer materials in the insert. 
Thus, weight can be reduced by using stiffer materials in the insert. 

[0073] The secorxj insert 12. and tiiird insert 12, if used, can be of the same or different material physical properties 
relative to the first insert This means that tiie combination of a hard second insert 12, and/or third insert 12, if used, 
witii a softer first insert 12 is contemplated as well as the combination of a hard first insert 12 witii a softer second 
40 and/or third insert 12. The elastomeric materials of tiie second insert may similarly be in the 50 to 85 shore A range. 
[0074] Ttie second insert 12 and tiilrd insert 12, if used, as shown in the Figures, is made of elastomeric nnaterial. 
These inserts 12 can be used in multiples of inserts interposed between adjacent plies when more than two plies are 
used in the carcass structure. 

[0075] The second inserts 1 2. ax\6 third inserts 12, when used, act as a spacer between the adjacent plies. The cords 
45 of the plies particularly tiie radially outer ply is placed in tension when the tire is operated uninflated. 

[0076] In practice, the rubber compositions for the inserts 1 2 utilized in this invention for the aforesaid pneumatic tire 
construction are preferably characterized by physical properties which enhance tiieir utilization in tiie invention which 
are, collectively, believed to be a departure from properties of rubber compositions normally used in pneumatic tire side- 
walls, particularly tiie combination of inserts 1 2 and with plies 1 0 having a combination of either dissimilar or similar high 
50 stiffness yet essentially low hysteresis properties. 

[0077] In particular, for the purposes of this invention, the aforesaid inserts 1 2 are designed to have a high degree of 
stiffness yet also having a relatively low hysteresis for such a degree of stiffness. This enabled the benefits of the 
change in nrioduli of tiie reinforcing cords to be fully appredated. 

[0078] The stiffness of tiie rubber composition for inserts 1 2 is desirable for stiffness and dimensional stability of tiie 
55 tire sidewall 4. A similar stiffness of the rut5ber composition for the ply coat for one or more of plies is desirable for overall 
dimensional stability of the tire carcass, including its sidewalls, since it extends through both sidewalls and across the 
crown portion of the tire. 

[0079] However, it is to be appreciated that rubbers witii a high degree of stiffness in pneumatic tires normally be 
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expected to generate excessive irrternal heat during service conditions (operating as tires on a vehicle running under 
load and/or without Internal inflation pressure), particularly when tiie rutiber's stiffness is achieved by a rather conven- 
tional method of sinply increasing its carbon black content. Such internal heat generation within tiie rubber composition 
typically results in a temperature increase of the stiff rubber and associated tire structures which can potentially be det- 

5 rimental to the useful life of the tire 1 . 

[0080] The hysteresis of the rubber composition is a measure of its tendency to generate internal heat under service 
conditions. Relatively speaking, a rubber with a lower hysteresis property generates less internal heat under service 
conditions than an otherwise comparable rubber composition with a substantially higher hysteresis. Thus, in one 
aspect, a relatively low hysteresis is desired for tiie rubber composition for the fillers and tiie plycoat(s) for one or more 

10 of tiie plies 10. 

[0081] Hysteresis is a term for heat energy expended in a material (e.g., cured rubber composition) by applied work 
and low hysteresis of a rubber composition is indicated by a relatively high rebound and relatively low tangent delta (Tan 
Delta) property values. 

[0082] Accordingly, it is important tiiat the rubber conrtpositions for one or more of the inserts 1 2 and plycoats for one 
75 or more of plies 1 0 have the properties of both relatively high stiffness and low hysteresis. 

[0083] tt should readily be understood by one having skill in tiie art tiiat rubber compositions for components of the 
pneumatic tire, including tiie fillers can be compounded by metiiods generally known in the rubber compounding art, 
such as mixing the vanous sutfur-vulcanizable constituent rubbers witii various comnx>nly used additive materials such 
as. for example, curing aids, such as sulfur, activators, retarders and accelerators, processing additives, such as rubber 
20 processing oi^ resins including tack'fying resins, silicas and plasticizers, fillers, pigments, or other materials such as 
tall oil resins, zinc oxide, waxes, antioxidants and antiozonahts, peptizing agents and reinforcing materials such as. for 
example, carbon black As known to those skilled in tiie art, depending on the intended use of the sulfur vulcanizable 
and sulfur-vulcanized materials (rubbers), the certain additives mentioned above are selected and commonly used in 
conventional amounts. 

25 [0084] Typical additions of carbon black comprise about 20 to about 100 parts by weight, of diene rubber (phr). 
although atx)ut 30 to about a maximum of about 110 phr of cart>on black is desirable for the high stiffness rubbers 
desired for the indicated fillers and plycoat(s) used in this Invention. In most cases, it is preferred to employ about 70 
phr to about 90 phr of filler in tiie insert compounds of this invention. Typical amounts of resins, if used, including tack- 
ifier resins and stiffness resins, if used, including unreactive phenol formaldehyde tacktfying resins and, also stiffener 

30 resins of reactive phenol fbnmaldehyde resins and resorcinol or resorcinol and hexamethylene tetramine. may collec- 
tively contprise about 1 to 10 phr. with a minimum tackifier resin, if used, being 1 phr and a minimum stiffener resin, if 
used, being 3 phr. Such resins may sometimes be referred to as phenol formaldehyde-type resins. Typical amounts of 
processing aids comprise about 4 to about 10.0 phr Typical amounts of silica, if used, comprise about 5 to about 50. 
although 5 to about 1 5 phr is desirable, and amounts of silica coupling agent, if used, comprise about 0.05 to about 0.25 

35 parts per part of silica, by weight Representative silicas may be, for example, hydrated amorphous silicas. A represent- 
ative coupling agent may be, for example, a bifunctional sulfur containing organo silane such as, for example. bis-(3- 
triettioxy-silylpropyl) tetrasulfide, bis-(3-trimethoxy-silylpropyl) tetirasulfide and bis-(3-ti'imetiioxy-silylpropyl) tetrasulf ide 
grafted silica from DeGussa. AG. Typical amounts of antioxidants comprise 1 to about 5 phr. Representative antioxi- 
dants may be, for example, diphenyl-p-phenylenediamine and others, such as those disclosed in The Vanderi3ilt Rubber 

40 Handbook (1978). pages 344-346. Suitable antiozonant(s) and waxes, particularly microcrystalline waxes, may be of 
the type shown in The Vanderbilt Rubber Handbook (1 978), pages 346-347. Typical amounts of antipzonants conrprise 
1 to about 5 phr. Typical amounts of stearic add and/or tall oil fatty acid may comprise about 1 to about 3 phr Typical 
amounts of zinc oxide comprise about 2 up to atx)ut 8 orl 0 phr. Typical amounts of waxes comprise 1 to about 5 phr. 
Typical amounts of peptizers comprise 0.1 to about 1 phr. The presence and relative amounts of tiie above additives 

45 are not an aspect of the present invention, so long as tiie hardness and modulus value requirements of the f iller(s) used 
in the tire sidewalls in the practice of this invention; 

[0085] The vulcanization of the rubt)er composition(s) is/are conducted in the presence of a sulfur vulcanizing agent. 
Examples of suitable sulfur vulcanizing agents include elemental sulfur (free sulfur) or sulfur donating vulcanizing 
agents, for example, an amine disulfide, polymeric polysulf ide or sulfur olefin adducts. Preferably, tiie sulfur vulcanizing 
50 agent is elemental sulfur. As known to ttiose skilled in the art. sulfur vulcanizing agents are used in an amount ranging 
from about 0.5 to about 8 phr with a range of from 2 to about 5 being prefen-ed for tiie stiff rubbers desired for use in 
this invention. 

[0086] Accelerators are used to control the time and/or tenoperature required for vulcanization and to improve tiie 
properties of ttie vulcanizate. In one embodiment, a single accelerator system may be used; i.e.. primary accelerator. 
55 Conventionally, a primary accelerator is used in amounts ranging from ahouX 0.5 to atx)ut 3 phr. In another embodiment, 
combinations of two or more accelerators in which a primary accelerator is generally used in the larger amount (0.5 to 
about 2 phr). and a secondary accelerator which is generally used in smaller amounts (0.05-.50 phr). in order to activate 
and to improve the properties of tiie vulcanizate. CJombinations of such accelerators have historically been known to 
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^ . produce a synergistic effect off the final properties of sulfur-cured rubbers and are often somewhat better than those pro- 
duced by use of either accelerator aione. In addition, delayed action accelerators may be used which are less affected 
by normal processing temperatures but produce satisfactory cures at ordinary vulcanization temperatures. Represent- 
ative exantples of accelerators include amines, disulfides, guanidines. tiiioureas. thiazoles. thiurams. suHenamides, 

5 dithiocarl>amates and xanthates. Preferably, the primary accelerator is a sulfenamide. If a second accelerator is used, 
the secondary accelerator is preferably a guanidine, ditiiiocarbamate or thiuram compound, altiiough a second sulfena- 
mide accelerator may be used. In the practice of this invention, one and sometimes two or more accelerators are pre- 
ferred for the high stiffness rubbers. 

[0087] TTie runf lat tire containing the inserts of this invention can be built, shaped, nrrolded and cured by various meth- 
10 ods which will be readily apparent to those having skill in the art. In general, the runflat tires of tiiis invention can be 
manufactured using standard techniques with, of course, the exception tiiat tiie insert tiierein contains 1 ,3-bis(citracon- 
imidomethyl) benzene as an antireversion agent in addition to the rubbery polymer. 

[0088] In a preferred embodiment, tiie insert of tiiis invention is incorporated into a runflat tire of tiie design described 
in Goodyear Docket No. DN1998-091, filed on June 19. 1998 (PCT/US9a/12909) the teachings of which are incorpo- 

15 rated herein by reference in their entirety. This design relates to a pneumatic radial ply runflat tire having a tread, a car- 
cass comprising a radial ply structure having at least one radial ply, a belt structure located between the tread and the 
radial ply structure, two sidewalls reinforced by one or nnore inserts and a tread corrtour of which tiie laterally disposed 
tread ribs are defined by circular curves having large radii of curvature. The outermost ply. or the single ply. is reinforced 
with inextensiWe metal cords. The sidewalls each having a rib near tiie radially outermost regions. The circular curves 

20 that define the cross-section contour of the central portions of the tread and the laterally disposed tread rib intersect 
nontangentially Acircumferentiaily disposed decoupling groove urderlies each respective nontangential locus of points 
of nontangential intersection of the circular curves tiiat define the cross-section contour of the tread. The circular curve 
defining tiie contour of each radially outward-most sidewall rib intersects nontangentially witii the circular curve that 
defines tiie contour of each laterally disposed tread rib. A second set of decoupling grooves is disposed such that one 

25 groove is located circumferentially in each shoulder region where ttie contour-defining cun/es intersect nontangentially 
between each radially disposed sidewall rib and tiie adjacent laterally disposed tread rib. The lateral-most decoupling 
grooves between the laterally disposed tread rib and the sidewall rib are circumferential and continuous, or tiiey are cir- 
cumferential and non-continuous. The decoupling grooves between tiie laterally disposed tread rib and the central por- 
tions of the tread are circumferential and straight in design, or tiiey have a zig-zagged pattern. In a preferred 

30 embodiment, the runflat tire is a pneumatic radial having a low-aspect-ratio (in tiie range of about 30 percent to about 
60 percent) design. This embodiment has potential for runflat use in high-performance sports-type vehicles or light 
trucks. The distinctive feature of this low-aspect-ratio, radial ply runflat pneumatic tire is that runflat ti-ead lift is minimized 
and that tread footprint is widened during runflat operation. 

[0089] In anotiier preferred embodiment, the insert of this invention is incorporated into a runflat tire of tiie design 

35 described in Goodyear Docket No. DN1998-065. filed on July 6, 1998 (PCT/US98/13929) tiie teachings of which are 
incorporated herein by reference in tiieir entirety. This design relates to a pneumatic radial ply runflat tire having a tread, 
a casing with two sidewalls, two radial plies extending from two annular beads and a belt reinforcement structure 
located radially between tfie tread and the plies. This runflat sidewall design is characterized by an inner radial ply hav- 
ing metal reinforcement cords and an outer radial ply having organic fiber reinforcement cords. An insert is circumfer- 

40 entially disposed between the inner and outer plies in tiie region of each sidewall adjacent to the tread shoulder. The 
insert in each sidewall has properties characterized by high tensile strength, low hysteresis and light weight. The 
strength and rigidity of the insert can be adjusted by tiie incorporation of organic fibers aligned more or less in tiie radial 
direction within the insert. Metal reinforcing cords in the inner radial ply have properties characterized by a high modu- 
lus of elasticity, rigidity with respect to carrying the compressive load on tiie inserts during runflat operation and good 

45 thermal conductivity which distnlxites heat generated within the inserts during runflat operation. During runflat opera- 
tion, the high modulus of the reinforcing metal cords of the inner ply carry a substantial compressive load, tfiereby 
reducing the compression load carried by the single insert in each sidewall. It should also be noted that, during runflat 
operation, the outer organic Vto&c reinforced pty has good flexibility accompanied by high tensile-stress-bearing capac- 
ity. In tills design, it is preferred for the inner radial ply to have metallic cords at an angle of from atx)ut 75° to about 105** 

50 witii respect to the equatorial plane of the tire. It is also desirable for the insert to be filled with short reinforcing fibers 
which are aligned primarily in tfte radial direction to increase the tensile-stress-bearing capacity of the insert. 
[0090] In still another preferred embodiment of this invention, the insert is incorporated into a runflat tire of tiie design 
described in United States Patent Application Serial No. 08^865,489. filed May 29, 1997 (US-A-5871600) the teachings 
of which are incorporated herein by reference in their entirety. This design relates to a tire having a tread, a belt struc- 

55 ture and a carcass. The carcass has a pair of sidewalls with each sidewall having at least one ply or being reinforced 
witii cords having a modulus of at least 10 GPa. In this tire design, at least one ply has a pair of turnup ends wrapped 
around a pair of inextensible bead cores. Each sidewall structure has at least one insert radially inward of the first ply 
and a second ply extending at least to each bead core. In this structure, the second ply is spaced from tiie first ply by a 
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second insert in the sidewail. At least one ply in this tire structure is reinforced with sut)stantially inextensible cords hav- 
ing a modulus greater than the nnodulus of the other ply. When loaded, this tire has a neutral axis of bending of the side- 
wall structure closer in proximity to the ply reinforced with cords of a higher modulus than to the ply reinforced with cords 
of the lower nxxiulus. In a highly prefenred embodiment, the first ply has synthetic or textile cords of polyester, nylon, 

5 rayon or aramid; while the second ply, most preferably, has aramid cords or metal cords; most preferably, steel cords. 
The first and second inserts preferably have a cross-sectional shape and material properties selected to enhance 
Inflated ride performance while insuring runflat durability. The inserts can also be reinforced with cords or short fibers. 
[0091] This invention is illustrated by the following examples which are merely for the purpose of illustration and are 
not to be regarded as limiting the scope of the invention or the manner in which it can be practiced. Unless specifically 

10 indicated othenvise. parts and percentages are given by weight. 

Example 1 

[0092] In this example, a coupled isoprene-butadiene rubber (IBR) which was suitable for utilization in the tire inserts 
15 of this invention was prepared in a one-gallon (3.8 liters) batch reactor at 70°C. In the procedure used, 2,000 grams of 
a silica/nrrolecular sieve/aluminum dried premix containing 1 9.0 weight percent of a mixture of isoprene and 1 .34xjtadi- 
ene in hexanes at the ratio of 10:90 was charged into a one-gallon (3.8 liters) reactor. After the amount of impurity in 
the premix was determined, 4.0 ml of a 1 .0 M solution of n-butyl lithium (in hexane) was added to the reactor. The target 
Mn (number averaged molecular weight) was 100.0O0. The polymerization was allowed to proceed at 70°C for three 
20 hours. An analysis of the residual monomer indicated that monomers were all consumed. Then, 1 .0 ml of a 1 M solution 
of tin tetrachloride (in hexane) was added to the reactor and the coupling reaction was carried out at the same temper- 
ature for 30 minutes. At this time, 1.5 phr (parts per 100 parts by weight of rubber) of 4-t-butylcatechol and 0.5 phr of 
TMEDA was added to the reactor to shortstop the polymerization and to stabilize the polymer. 
[0093] After the hexane solvent was evaporated, the resulting SIBR was dried in a vacuum oven at 50*^0. The coupled 
25 IBR was determined to have a glass transition temperature (Tg) at -95*C. It was also determined to have a microstruc- 
ture which contained 7 percent 1 ,2-polybutadiene units, 87 percent 1 ,4-polybutadiene units, 1 percent 3,4-polyisoprene 
units and 9 percent 1,4-polyisoprene units. The Mooney viscosity (ML-4) of tiie coupled IBR made was determined to 
be 99. 

30 Example 2 

[0094] In this experiment, two P225/60R1 6 runflat tires were built utilizing an insert that contained 2 phr of Perkalink 
900 1,3-bis(citraconimidomethyl) benzene and compared with identical runflat tires that did not contain the 1,3-bis(cit- 
raconimidomethyl) benzene. The inserts utilized in these tires contained 80 phr (parts by weight per 1 00 parts by weight 

35 of rubber) of natural rubber and 20 phr of Budene®1207 high cis-1 ,4-polybutadiene rubber. The tires were mounted on 
a 1995 Ford Crown Victoria and tested for runflat durability after being deflated. The tires made utilizing tiie 1,3-bis(cit- 
raconimidomethyl) benzene in tiieir inserts went 514 miles (827 km) and 516 miles (830 km) before failure. The tires 
made without tiie 1 ,3-bis(citraconimidomethyl) benzene went only 1 50 miles (241 km) and 200 miles (322 km) until fail- 
ure cxxjurred. Thus, the utilization of tiie bis-citraconimido compound in tiie inserts nrore than doubled the extended 

40 mobility range of the runflat tires after total loss of air pressure. 

[0095] Variations in the present invention are possible in light of tiie description of it provided herein. While certain 
representative embodiments arKi details have been shown for the purpose of illustrating the subject invention, it will be 
apparent to ttiose skilled in this art that various changes and modifications can be made therein witiiout departing from 
the scope of the subject invention. It is, tiierefore, to be understood that changes can be made in tiie particular embod- 

45 iments described which will be witiiin the full intended scope of tiie invention as defined by the following appended 
claims. 

Claims 

50 1. A runflat tire which includes a generally toroidal-shaped carcass with an outer circumferential tread, two spaced 
beads, at least one ply extending from bead to bead and sidewalls extending radially from and connecting said 
tread to said beads, wherein said tread is adapted to be ground contacting and wherein said sidewalls contain at 
least one insert radially inward from said ply. characterized in that the insert is comprised of a rubbery polymer and 
a bis-citraconimido compound. 

55 

2. A runflat tire as specified in claim 1 characterized in that the bis-citraconimido compound is 1 ,3-bis(citraconimid- 
ometiiyl) benzene and characterized in that the 1 .3-bis(citraconimidomethyl) benzene is present In an amount 
which is within the range of 0. 1 phr to 1 0 phr. 
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3- A runflat tire as specified in claim 2 characterized in that the insert is comprised of (1) a cured polydiene rubber that 
is coupled with a Group IVa metal selected from the group consisting of tin, lead, germanium and silicon, (2) from 
20 phr to 130 phr of a filler, (3) from 0.1 phr to 5 phr of a fatty acid and (4) 0.1 phr to 10 phr of the 1,3-bis(citracon- 
imidomethyl) benzene. 

4. The runflat tire specified in daim 2 or 3 characterized in that the 1 ,3-bis(dtraconimidomethyl) benzene is present 
in an amount which is within the range of 0.5 phr to 5 phr. 

5. The runflat tire specified in daim 2 or 3 characterized in that the 1 ,3-bis(dtraconimidomethyl) benzene is present 
in an amount which is within the range of 1 phr to 3 phr. 

6. The runflat tire specified in any of claims 2-5 characterized in that the filler is cartx)n black. 

7. The runflat tire specified in any of claims 2-6 characterized in that the fatty acid is stearic add. 

8. The runflat tire specified in any of daims 2-7 characterized in that the fatty acid is present at a level which is within 
the range of 0.4 phr to 3 phr. 

9. The runflat tire specified in any of claims 2-8 characterized in that the cured polydiene rubber is coupled with tin. 

10. The runflat tire specified in any of claims 2-8 characterized in that the insert is a composition of matter that is further 
comprised of natural rubber, wherein the insert contains from 10 phr to 70 phr of natural rubber, based upon the 
total amount of rubber in the insert, wherein the carbon black is present at a level which is within the range of 70 
phr to 90 phr, wherein the stearic acid is present at a level which is within the range of 0.5 phr to 1 .5 phr and wherein 
the cured polydiene rubber is a styrene-butadiene rubber. 
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